A prototype model of a position-sensitive fission counter (PSFC) was developed for power-range flux profile monitoring in light-water reactor cores. The flux profile is measured by delay-line position encoding and time interval decoding of individual fission pulses from 11 small fission counters incorporated along a coaxial transmission line. Significant improvements over currently used flux profile monitors are the 33-cm spatial resolution of the 3.5-m-long PSFC and the requirement for only one cable penetration into the reactor pressure vessel.
Introduction
Continuing research on advanced methods of thermal neutron detection1 resulted in the development of a prototypic position-sensitive fission counter (PSFC) for in-core monitoring of axial flux profiles in lightwater reactors. The inherently better spatial resolution capabilities and the requirement for only one coaxial cable penetrating the pressure vessel are the main advantages of this PSFC concept over currently used flux profile monitors. 2 The main purpose of this research was to obtain data for the design of an engineering model of a PSFC and thereby enable the commercialization of this concept. We wanted to prove (a) that a spatial resolution better-than 1 pixel per 90 cm is attainable, and (b) that fission counters are still operable in the pulse counting mode in the high gamma radiation fields (>l09 R/h) present inside the core of light-water reactors operating at full power.
Description and Characteristics of the Test
Counters and Instrumentation 0018-9499/84/00024 pulses. Because this PSFC was not designed for in-core operation, a low-sensitivity fission counter was developed to model the pulse-counting capabilities of the PSFC in high gamma radiation field intensities of up to 3 x 109 R/h.
PSFC Prototype
The PSFC prototype is a 3.5-m-long coaxial transmission line ( Fig. 1 ) with 11 small fission counters incorporated into the dielectric at 33-cm intervals. The outer diameter of the line is 1 cm, its impedance is Z = 50 QL, and its propagation velocity is v -12.2 cm/ns.
The neutron sensitivity of each of the 11 small fission counters is 10-6 cps/nv (nv = unit of neutron flux in neutrons per square centimeter per second). The PSFC operates as follows: a current pulse is generated at the location of a neutron-induced fission in the 235uo2coating whenever the resulting fission fragment ionizes the counter gas volume and free electrons drift toward the anode in the applied electric field. One half of this current pulse propagates toward each end of the coaxial transmission line with a propagation velocity v. The pulse propagating toward the output connector arrives at the PSFC output at a time t1 = t + x/v, where t is the time of fission and x is its location in relation to the connector output. 
Low-Sensitivity Fission Counter
The low-sensitivity fission counter is made of stainless steel and is welded to the end-seal of an MgO-insulated coaxial cable (Fig. 2) the filter amplifier output, responds to pulse pairs from the PSFC by generating two logic outputs ("start" and "stop"), separated by the time interval T = t2 -t between the arrival time of the two halves of a neutron-induced current pulse. The conditions for valid outputs are that both components of a pulse pair occur within the range 30 ns < T < 100 ns, and cross a preset amplitude discriminator threshold. The timeinterval spectrum of output pulse pairs from the logic unit is converted into a pulse-height spectrum in the time-to-amplitude converter (TAC) and stored and displayed in the pulse-height analyzer (PHA). The total conversion gain of these two units is 2.5 PHA channels per nanosecond.
The instrumentation for the low-sensitivity fission counter measures (a) the integral pulse-height spectrum of the fission-counter output signals, and (b) the ionization current as a function of gamma dose rate and applied bias. For the pulse-height spectrum measurement, the preamplifier, filter amplifier, bias supply, and test pulser are the same as for the PSFC tests. The filter amplifier impulse response is a 40-ns-wide, unipolar signal; its output is connected to a discriminator input. The discriminator, capable of responding to fast (20-ns-wide) pulses, generates a logic output signal for each pulse that crosses the discriminator threshold level. The logic output pulses trigger the scaler unit, which measures the count rate of pulses larger than the threshold level as a function of this level setting. The ionization current is measured by an electrometer of 1 pA sensitivity, connected between the bias supply and the fission counter.
Experimental Results

PSFC Test
The spatial resolution capability of the prototypic PSFC was tested with thermal neutrons from a beam hole (HB1) of the ORNL High-Flux Isotope Reactor. The estimated thermal neutron flux was 108 nv.
Because limited beam size did not allow fulllength exposure of the PSFC, we sequentially accumulated the data of the position spectrum (Fig. 4) 
Low-Sensitivity Fission Counter Test
The count-rate fission counter was capability of the low-sensitivity dose rate at position 2 is larger than indicated because the ionization current was not fully saturated at 400 V.) Also, at both counter positions we measured the integral pulse-height spectrum in pulse-mode operation (Fig. 6) . The neutron count rate, measured at the plateau of the pulse height distribution, was 600 cps at position 1, which corresponds to a neutron flux of 3 x 1010 nv, based on a fission-counter sensitivity of 2 x 10-8 cps/nv. 5 ) and a Gaussian pile-up model.5 The measured pulse-height distribution at position 2 also contains a small contribution from pileup of protons from the N14(n,p)CI4 reaction in the counter gas which has a positive Q valuie of 0.6 MeV. 
